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1
CYCLONE SEPARATOR FOR THE PHASE
SEPARATION OF A MULTTPHASE FLUID
STREAM, STEAM TURBINE SYSTEM
HAVING A CYCLONE SEPARATOR AND
ASSOCIATED OPERATING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention

The invention relates to a cyclone separator for the phase
separation of a multiphase fluid stream, having a housing
which is configured substantially rotationally symmetrically
about a central axis and encloses a hollow chamber, having at
least one feed line for the fluid stream, which is designed for
an inflow of the fluid stream that is directed substantially
tangentially to the inner side of the housing, and having at
least one discharge line for the separated gaseous fraction of
the fluid stream. The invention also relates to a steam turbine
system having a high-pressure turbine and a low-pressure
turbine and having such a cyclone separator. It also relates to
a method for operating such a steam turbine system.

In power plants, especially nuclear power plants, in which
steam is used for generating energy or converting energy,
usually different turbines that operate with different steam
pressure are used. The live steam generated in a power plant
is for example directed into a high-pressure turbine, where it
performs work and thereby expands. Before the steam is then
introduced into a low-pressure turbine, which is designed for
lower steam pressure, usually its water content is reduced. In
addition, superheating of the steam is usually provided before
it is introduced into the low-pressure turbine. By these mea-
sures, on the one hand the efficiency of the low-pressure
turbine is increased, on the other hand the lifetime of the
turbine is increased, since damage that could be caused for
example by droplet-induced erosion or corrosion of the com-
ponents is reduced or avoided.

In order to prepare the expanded steam leaving the high-
pressure turbine, it is usual to use water separators and reheat-
ers which are connected in series in terms of flow and can be
structurally combined with one another in the manner of
being set up next to one another or one behind the other
(combined water separator/reheater). It is usual in this case
for the water fraction of the steam to be reduced in a first
component of the water separator/reheater, before the then
substantially gaseous fraction is sent into a second compo-
nent, in which it is superheated. The consequently super-
heated steam is then introduced into the low-pressure turbine,
where it expands and thereby performs work.

Various devices may be used for separating the water frac-
tion. These include, for example, plates along which the
stream of steam is directed. Furthermore, a so-called cyclone
separator or cyclone, into the substantially rotationally sym-
metrical housing of which the stream of steam is introduced
tangentially to the inner side of the housing, may also be used
for separating the water fraction. As a result, the heavier water
fraction is forced outward by the centrifugal force and, on
account of the flow conditions forming in the cyclone, the
lighter, substantially gaseous fraction flows into the interior
of'the hollow chamber surrounded by the housing and collects
there. In both cases, the gaseous fraction of the steam is then
directed into a downstream and structurally/spatially separate
second component of the water separator/reheater, in which it
is superheated. This is usually achieved by the steam flowing
against heating tubes, which correspondingly heat or super-
heat the steam by heat exchange.
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An integrated structural variant of a water separator/re-
heater in which the separation of the water fraction and the
heating of the steam take place in the same housing is
described in the patent application with the official file refer-
ence DE 10 2009 015 260.1 of the applicant AREVA NP
GmbH.

In order that the water separation and the steam reheating
can take place satisfactorily, the respective components must
be dimensioned with correspondingly large volumes, result-
ing directly in a corresponding material expenditure and
space requirement. On the other hand, when constructing
power plants, it is desirable for the least possible material and
space to be required.

BRIEF SUMMARY OF THE INVENTION

The invention is therefore based on the object of providing
a device for the phase separation of a multiphase fluid stream
which is suitable for heating the gaseous fraction of the fluid
stream, for example steam, and has the lowest requirements
for material and space. Moreover, a flow distribution of the
steam to be heated that is uniform and as homogeneous as
possible as it enters the heating phase should be ensured. It is
also intended to provide a steam turbine system having a
high-pressure turbine and a low-pressure turbine in which
such a cyclone separator can be used particularly advanta-
geously. Furthermore, it is intended to provide a method for
operating such a steam turbine system.

With respect to the cyclone separator for the phase separa-
tion of a multiphase fluid stream, this object is achieved
according to the invention by the hollow chamber, when
viewed in the radial direction from the central axis, having an
outflow chamber with a substantially circular cross section
and, following said chamber in the sequence mentioned, a
heating chamber, an intermediate chamber, a dryer chamber
and an inflow chamber, each with a substantially annular
cross section, wherein the inflow chamber is delimited in the
outward direction by the housing, wherein the heating cham-
ber contains heating elements designed for heating the gas-
eous fraction, wherein at least one fine separator and at least
one assigned condensate-collecting trough are arranged in the
dryer chamber, and wherein the at least one condensate-
collecting trough is connected to at least one condensate
discharge pipe, which is arranged in the intermediate cham-
ber and through which the condensate forming in the at least
one fine separator in the operating state is discharged from the
hollow chamber.

Advantageous configurations of the invention are the sub-
ject of the subclaims.

The invention is based on the idea that one reason for the
comparatively great space requirement of conventional water
separators/reheaters is that the separation of water from the
steam originally leaving the high-pressure turbine and the
subsequent superheating of the separated gaseous fraction are
performed at successive times in two spatial regions or appa-
ratus components that are spatially separate from each other
and are arranged one behind the other in the manner of a series
flow connection. As a result, specific requirements are
imposed on the structural design of the water separators/
reheaters, which for system-related reasons need a relatively
large installation space.

As has been realized, however, these two spatial regions do
not necessarily have to be arranged structurally one behind
the other in separate spaces. This is so because, assuming
suitable flow conditions, these spatial regions can also be
arranged nested one inside the other in a single housing, the
liquid separation and the superheating of the gaseous fluid
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fraction for a given volume element of the fluid being per-
formed substantially at the same time or one shortly after the
other.

Such suitable flow conditions are provided by a water
separator of a cyclone type of construction. The flow imping-
ing tangentially on the inner side of the housing of the cyclone
has the effect that the centrifugal force acting on the stream
makes the separation of the heavy component, for example
water, take place in the outer region of the hollow chamber
surrounded by the housing, on the inner side of the housing.
The lighter, gaseous fraction of the original fluid stream, for
example steam, thereby flows into the interior of the hollow
chamber. If heating elements for heating or superheating the
gaseous fraction are then arranged in an inner or central
region of the hollow chamber, especially in a heating cham-
ber, in such a way that the passing over of the lighter phase
into the inner region is further enabled, the gaseous fractions
are heated or superheated directly while they are passing over
into the inner region. This creates inside the outer spatial
region designed for the water separation an inner spatial
region, which substantially contains the superheated steam.
The superheated, gaseous fraction can then be brought out
from the inner spatial region and used further as and when
required. This nesting of the two functionally different spatial
regions one inside the other allows a combined water separa-
tor/reheater to be realized in an extremely compact type of
construction. In addition to this, material costs can be saved,
since only a single housing is necessary for the two processes.

A concentric arrangement of the condensate discharge
pipes between the fine separators and the heating elements
particularly achieves the effect when flow impinges on the
heating chamber of a well-measured pressure loss, which
leads to a uniform distribution of the steam along the housing
and consequently ensures an optimized flow distribution in
the impingement of the flow on the heating elements. This
makes it possible to dispense with perforated plates or similar
devices for flow deflection.

Such a construction is not confined to the treatment of
steam. It can be used whenever one or more phases of heavy
particles or constituents are to be separated out from a mul-
ticomponent fluid stream, and the light fraction or fractions of
the original fluid stream are intended to be heated.

A plurality of condensate-collecting troughs arranged in
the dryer chamber, which together form at least approxi-
mately a ring of condensate-collecting troughs, are advanta-
geously provided in at least one plane lying perpendicular to
the central axis, each of the condensate-collecting troughs
being connected to an associated condensate discharge pipe
respectively arranged in the intermediate chamber.

Each condensate-collecting trough may be assigned hereto
one or more of the fine separators or dryers. As an alternative
to this, it is also conceivable to use precisely one annular
condensate-collecting trough in each plane or in a number of
the planes.

The preferred number of annularly distributed condensate-
collecting troughs and the associated condensate discharge
pipes and the dimensioning thereof (for example length or
diameter) may depend on several factors, such as the dimen-
sioning of the housing, the throughput of condensate passing
through the condensate discharge pipes in the operating state
of'the cyclone separator, and the desired pressure loss that is
intended to take place as the fluid stream flows through the
arrangement of condensate discharge pipes.

In a preferred embodiment, a first plane is provided with a
first ring of condensate-collecting troughs and at least a sec-
ond plane is provided with a second ring of condensate-
collecting troughs, wherein the first ring of condensate-col-
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4

lecting troughs is assigned a first group of condensate
discharge pipes and the second ring of condensate-collecting
troughs is assigned a second group of condensate discharge
pipes.

Inthis way, condensate which forms in the dryers at various
points, as seen along the central axis of the housing, can flow
off into the next condensate-collecting trough respectively in
the direction of flow of the condensate. Seen along the central
axis of the housing, the condensate-collecting troughs of the
first and second planes may be respectively arranged in pairs
one above the other. Depending on the length of the housing
and the throughput of condensate in the operating state of the
cyclone, three or more planes may also be provided.

The condensate discharge pipes are preferably respectively
connected only to one condensate-collecting trough, in order
to ensure a high throughput. In an alternative configuration, at
least some of the condensate discharge pipes are connected to
more than one condensate-collecting trough.

In a longitudinal portion of the intermediate chamber in
which both condensate discharge pipes of the first group and
condensate discharge pipes of the second group run, they are
advantageously arranged alternately, as seen in the circum-
ferential direction of the cyclone separator. This longitudinal
portion of the intermediate chamber preferably extends over
the entire length of the intermediate chamber, all of the con-
densate discharge pipes being taken over the full length of the
housing. In this way, the inflow conditions for the gaseous
phase of the fluid stream, for example the steam to be heated,
is the same throughout, as seen along the central axis. In this
case, some of the condensate discharge pipes may in certain
longitudinal portions serve exclusively for guiding the flow,
while in other longitudinal portions they additionally act as an
outflow for the condensate formed in the fine separators.

This type of arrangement may be generalized to more than
two planes, it then being possible for example for a cyclical
arrangement of the condensate discharge pipes belonging to
the respective groups to take place in the circumferential
direction.

The condensate discharge pipes are advantageously
aligned parallel to the central axis, whereby the steam sub-
stantially experiences a reduction in velocity perpendicular to
the central axis of the housing in the impingement of its flow.

A uniform impingement of the flow is achieved in the radial
direction if the perforation points of all the condensate dis-
charge pipes through a cross-sectional plane lying perpen-
dicular to the central axis lie substantially on a circle. The
pipes then all have in the radial direction the same spacing
from the inner side of the housing and from the central axis, so
that no undesired pressure inhomogeneities occur along the
circumferential direction of the housing.

The respective condensate-collecting trough is advanta-
geously connected to the respective condensate discharge
pipe by a feed line. The feed line connects the condensate-
collecting trough to the respective condensate discharge pipe
in terms of flow in the manner of an intermediate piece,
condensate being able to flow out of the corresponding con-
densate-collecting trough into the condensate discharge pipe
through the feed line in the operating state. The feed line may
be connected to the condensate-collecting trough and/or the
condensate discharge pipe for example by means of a welded
connection. It may also be formed as an integral component
part of the condensate-collecting trough or the condensate
discharge pipe.

In a preferred embodiment, the heating chamber with the
heating elements is designed for a throughflow of the gaseous
fraction of the fluid stream. It thereby separates the hollow
chamber into the regions lying between the inner side of the
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housing and the heating chamber, that are the intermediate
chamber, the dryer chamber and the inflow chamber, and an
outflow chamber lying within the heating chamber. A clear
separation of the two spatial regions allows a separation of the
two successive processes in an optimized way. It is particu-
larly advantageous if the fraction of the fluid stream flowing
into the inflow chamber has the smallest possible fraction of
the heavy component, in order to save energy for the heating
thereof. If used in a steam turbine system, the efficiency and
lifetime or servicing intervals of the turbine can be increased
as a result.

For the inflow of the heated or superheated steam into a
low-pressure turbine over the most direct possible path, it is
advantageous if the cyclone separator has precisely two dis-
charge lines, wherein the two discharge lines are connected in
terms of flow to the outflow chamber at the opposite ends of
the housing, as seen in the direction of the central axis.

Depending on the composition of the multicomponent
fluid stream, different configurations of the rotationally sym-
metrical housing are advantageous. For example, the housing
may taper in its cross section in one direction, especially in the
direction of the discharge line (flow outlet). A separation of
water from a steam/water stream is preferably carried out in a
housing configured substantially as a hollow cylinder.

In order to make optimized use of gravitational force for
separating the heavy component of the multiphase fluid
stream, the central axis of the housing preferably has a sub-
stantially vertical alignment. The heavy component of the
fluid stream then moves (flows) downward on the inner side
of the housing and can be collected or discharged there.
Generally, a vertical setup of the cyclone separator is advan-
tageous, since in this case the gravitational force does not
cause any imbalance in the turbulent flow.

For the use of the device in a steam turbine system having
a high-pressure turbine and a low-pressure turbine, the steam
taken from the high-pressure turbine should be fed to the
low-pressure turbine in the superheated state. For this pur-
pose, the heating elements should be designed with regard to
their heating output for the superheating of the gaseous frac-
tion of the fluid stream, especially steam.

The most effective possible use of the device is achieved if
the multiphase fluid stream is fed through a number of feed
lines. If the feed lines—at least in the region of their housing
connection—Ilie in a plane substantially perpendicular to the
central axis of the housing, they are advantageously designed
in such a way that the velocity vector of the fluid stream
flowing into the hollow chamber has a component that is
directed out of this plane. What is meant here is an averaged
velocity vector, which is averaged over the individual com-
ponent parts of the fluid stream. The fluid streams flowing in
through the various feed lines can thereby be prevented from
colliding with one another, and the fluid streams are provided
with a preferential direction in the direction of the central
axis. The fluid stream in this case advantageously flows in at
an angle of between 10° and 30°, especially of approximately
15°, to a plane perpendicular to the central axis. This means
that the turbulent flow occurring as a result of the wall geom-
etry is preferably superposed with a velocity component
directed in the direction of the central axis, so that altogether
ahelical flow is formed. With a vertical setup of the separation
device, the velocity component directed in the direction of the
central axis advantageously points downward.

Four feed lines, which are arranged such that they are
distributed uniformly and symmetrically over the circumfer-
ence of the housing, are preferably used for the inflow of the
fluid stream. With suitable dimensioning of the housing, in
this way the inflowing fluid stream can be advantageously
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divided between four regions of equal size of the inner side of
the housing, without the individual streams meeting and
thereby disturbing one another.

The flow conditions forming in the housing of the device
ensure that the gaseous fraction of the fluid stream flows into
the interior of the hollow chamber surrounded by the housing.
There, it flows against the heating elements and is thereby
heated or superheated. The direction with which the flow can
impinge on the heating elements can be optionally optimized
by baffle plates or guide vanes arranged in the inflow cham-
ber. For example, in this way the effect can be achieved that
the flow impinges on the heating tubes substantially frontally,
or the tangential component may be reduced. Since, on the
other hand, these directing elements make the inflow chamber
smaller, it should be decided according to the application
whether and with which dimensions they are used.

The cyclone separator is suitable both for single-stage and
multi-stage (re-) superheating. For two-stage or multi-stage
superheating, for example, two or more groups of heating
elements may be arranged one behind the other in the heating
chamber, as seen perpendicularly to the central axis. The
heating elements associated with the individual groups may
in this case be designed for respectively different heating
outputs or heating temperatures.

In a preferred embodiment of the device, the heating ele-
ments are of a tubular configuration. For heating or super-
heating the gaseous fraction, the heating elements may be
flowed through by a fluid heating medium, especially steam.
For multi-stage heating, for example steam at different pres-
sures and/or different temperatures may be used in different
groups of heating elements for this purpose.

For heating of the gaseous fraction that is as effective as
possible, straight tubes which are aligned parallel to the cen-
tral axis of the building are used as heating elements. For this
purpose, a plurality of tubes are arranged in the heating cham-
ber and may be differently configured according to the appli-
cation. For example, smooth tubes or finned tubes, or favor-
able combinations of these types of tube, may be used. The
individual tubes are expediently spaced apart from one
another in such a way that the remaining intermediate spaces
allow the gaseous phase that is separated from the fluid flow
to pass over as unhindered as possible from the outer inflow
chamber into the inner outflow chamber. On the other hand, of
course, a certain “compactness” of tubes is required in order
to realize the intended heating effect.

The heating tubes are preferably combined to form tube
bundles. In this case, use can be made of so-called annular
bundles, in which the tubes are arranged such that they are
distributed more or less uniformly in the heating chamber.
Alternatively or in combination with this, so-called indi-
vidual bundles may be used. In this case, a number of heating
elements that are adjacent to one another may be respectively
combined to form a bundle. The individual bundles may be
preassembled and can be handled as a whole. As and when
required, they can be fitted, removed and exchanged more
easily than individual tubes.

With respect to the steam turbine system, the aforemen-
tioned object is achieved according to the invention by the
feed line or all the feed lines of the separation device
described above being connected to the steam outlet of the
high-pressure turbine, and the discharge line or all the dis-
charge lines being connected to the steam inlet of the low-
pressure turbine. In this way, the steam from the high-pres-
sure turbine is introduced into the separating device, in which
on the one hand the water fraction is separated from the steam
and on the other hand the gaseous fraction is superheated.
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This superheated steam is subsequently introduced into the
low-pressure turbine, where it is used for further energy gen-
eration.

With respect to the method, the aforementioned object is
achieved according to the invention by the steam that is
extracted from the steam outlet of the high-pressure turbine
being directed into a hollow chamber which is enclosed by a
housing that is substantially rotationally symmetrical about a
central axis, whereby the steam is set in rotation and its
gaseous fraction is separated from the liquid fraction and is
collected in an inner region of the housing, and wherein the
substantially gaseous fraction is directed through fine sepa-
rators as it passes over into the inner region, its liquid fraction
being reduced still further, and then sent through an annularly
distributed arrangement of condensate discharge pipes, is
subsequently heated by heating elements and is then fed to the
steam inlet of the low-pressure turbine.

In a preferred version of the method, at least some of the
heating elements are of a tubular configuration, that is to say
form heating tubes. The live steam generated by a steam
generator is directed into at least some of the heating tubes,
whereby the gaseous fraction of the fluid stream that is intro-
duced into the separation device and comes into contact with
the outer sides of the heating tubes is heated or superheated.
Alternatively, or in combination with this, bled steam may be
extracted from the high-pressure turbine and then directed
into at least some of the heating elements. In this way, espe-
cially a two-stage or multi-stage superheating of the gaseous
fraction of the fluid stream can be achieved.

The advantages achieved with the invention are especially
that a clever arrangement of heating elements within a
cyclone separator allows separation of a heavy component or
a liquid phase of a multiphase fluid stream with simultaneous
heating or superheating of the gaseous fraction of the fluid
stream to be realized in a decidedly space-saving and eco-
nomical way in terms of material and construction costs. As a
result, the device is especially suitable for use in installations
that have to be constructed in a confined space. For the pri-
mary separation of the heavy component or phase of the fluid
stream, the cyclone principle is thereby used. The installation
of fine separators allows a further reduction of the heavy
component. The arrangement of the condensate discharge
pipes in an annular space between the fine separators and
heating elements allows an optimized flow distribution to be
achieved by a selective pressure loss. This leads to a further
saving of material, since the dual function of the condensate
discharge pipes makes it possible (to the greatest extent) to
dispense with perforated plates or similar components.

A steam turbine system in which such a separating device
is connected between a high-pressure turbine and a low-
pressure turbine can be realized in a particularly compact and
material-saving type of construction. In this case, in a verti-
cally set-up housing, the device may be provided substan-
tially directly under the high-pressure turbine, so that the gas
from the steam outlet of the high-pressure turbine at the upper
end of the housing can flow into the device. By means of
discharge lines at the lower and/or upper end of the housing,
the superheated steam can then be fed to the low-pressure
turbine.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

Various exemplary embodiments of the invention are
explained below with reference to the highly schematized
drawing, in which:
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FIG. 1 shows two different semicircular partial cross sec-
tions, placed one against the other, of two different possible
configurations of a cyclone separator for the phase separation
of'a multiphase fluid stream, having a housing which is con-
figured substantially rotationally symmetrically about a cen-
tral axis, the respective cross-sectional plane being chosen as
perpendicular to the central axis,

FIG. 2 shows a cross-sectional plane perpendicular to the
central axis of the cyclone separator that is shown in FIG. 1,
in which the various spatial regions are schematically indi-
cated,

FIG. 3 shows a longitudinal section of a cyclone separator,
the two halves to the left and right of the central axis corre-
sponding to different preferred embodiments,

FIG. 4 shows a detailed illustration of the detail from FIG.
3 marked by a dashed circle, having a condensate-discharge
trough, which is connected to a condensate discharge pipe by
way of a feed line,

FIG. 5 shows a plurality of condensate discharge pipes and
a condensate-collecting trough of the cyclone separator
according to FIG. 1 to FIG. 3, shown here in cross section as
viewed in the direction of the central axis, and

FIG. 6 shows a schematized block diagram of a steam
turbine system, having a high-pressure turbine, a low-pres-
sure turbine, a steam generator and a cyclone separator for the
phase separation of a multiphase fluid stream with an inte-
grated reheater according to an embodiment that is shown in
FIG. 1 to FIG. 5.

DESCRIPTION OF THE INVENTION

The same parts are provided with the same designations in
all the figures.

The cyclone separator 1, shown in FIG. 1, for the phase
separation of a multiphase fluid stream comprises a housing
2, which is configured substantially rotationally symmetri-
cally about a central axis M and as a hollow cylinder, encloses
a hollow chamber 3 and has four feed lines 6 let into it. In this
case, the left and right halves of FIG. 1 respectively corre-
spond to a possible configuration of the cyclone separator, in
reality both halves each being realized in one of the two ways
shown here. In a preferred configuration, the housing 2 with a
substantially vertically aligned central axis M has a diameter
of about 6 meters.

The multiphase fluid stream (not depicted) flows in this
case into the hollow chamber 3 surrounded by the housing 2
in a direction of inflow 10 substantially tangentially to the
inner side 11 of the housing. The fluid stream may be, for
example, steam, which is directed from the steam outlet of a
high-pressure turbine installed in a steam turbine system
through the feed lines 6 into the housing 2 of the cyclone
separator 1. The housing 2 is preferably produced from steel
or high-grade steel, though other materials may also be
advantageous depending on the field of application.

The fluid stream is thereby set in rotation, the centrifugal
force acting on the fluid stream drawing the heavy component
of the fluid stream, in this case water, outward onto the inner
side 11 of the housing. On account of the flow conditions
forming in the hollow chamber 3, the gaseous fraction of the
fluid stream moves from an inflow chamber 12 through a
dryer chamber 13 and an intermediate chamber 15 into a
heating chamber 14. The cross-sectionally annular heating
chamber 14 spatially encloses a cylindrical outflow chamber
16, lying inside the housing 2.

The spatial arrangement (radially outward from the central
axis M) of the outlet chamber 16, the heating chamber 14, the
intermediate chamber 15, the dryer chamber 13 and the
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inflow chamber 12 is schematically illustrated in FIG. 2.
While the outflow chamber 16 is cylindrically formed, the
chambers that lie further out in the housing 2 form as it were
shells with a respectively annular cross section. Their imagi-
nary inner and outer cross-sectional delimitations form con-
centric circles, the common center point of which lies on the
central axis M.

Arranged in the heating chamber 14 of the embodiment of
the cyclone separator 1 that is shown in FIG. 1 are heating
elements, which are designed with regard to their heating
output for the superheating of the gaseous fraction of the fluid
stream. Individual heating tubes 18, which altogether form as
it were annular bundles, may be used in this case. With a
length of the tubes used in the annular bundle of about 11.5 m
and a housing diameter of 6 m, a heating surface of about 22
000 m? is made available in the case of'a total number of about
7900 tubes with an outside diameter of the bundle of about 3.6
m and a core diameter of the finned tubes of in each case about
22.4 mm. As an alternative to this or in combination with the
heating tubes 18, individual bundles 20 may be used. The
heating tubes 18 or individual bundles 20 are impinged by the
flow of the gaseous fraction of the fluid stream in the direction
of flow 22. The gaseous fraction is superheated in the heating
chamber 14, whereupon it flows further into the outflow
chamber 16. From there, it is directed further through dis-
charge lines 24 (not depicted in FIG. 1) into the low-pressure
turbine.

With heating elements impinged directly by the flow of the
fluid stream, previous experience suggests that a separation
efficiency of the water of up to about 80% can be achieved.
This means that the steam flowing onto the heating tubes 18 or
individual bundles 20 still has a water fraction of about 2.6%.

In order to reduce the water fraction still further, fine sepa-
rators 28 are provided in the dryer chamber 13. Variously
configured plates may be used for example as fine separators
28. So-called vane-type droplet separators, which consist of
groups of corrugated sheets, may also be used. These sepa-
rating elements are usually fixed or anchored in a frame. The
fine separators 28 are assigned condensate-collecting troughs
32 (not depicted in FIG. 1), into which the condensate form-
ing in the fine separators 28 in the operating state flows off.
The condensate-collecting troughs 32 are preferably arranged
in the dryer chamber 13. They are fixed (for example welded)
to the respective fine separators 28 in such a way that the
condensate from the respective fine separators 28 is collected
in the assigned condensate-collecting trough 32. The conden-
sate-collecting troughs 32 are connected in terms of flow to
condensate discharge pipes 34, which are arranged in the
intermediate chamber 15 and through which the condensate is
removed from the hollow chamber 3. The condensate dis-
charge pipes 34 run substantially in a straight line parallel to
the central axis M and extend over the entire length of the
housing 2. They are respectively anchored at the two ends of
the housing 2 with the aid of a plate 90. Between the plate 90
arranged at the bottom of the housing and the inner side 11 of
the housing there is a gap 94 or annular gap, through which
the water collecting on the inner side 11 of the housing can
flow off in the downward direction.

The condensate discharge pipes 34 perform a dual func-
tion. On the one hand, the condensate forming in the fine
separators 28 is directed through them downward out of the
hollow chamber 3. On the other hand, their spatial arrange-
ment between the fine separators 28 and the heating tubes 18
leads to an advantageous pressure loss of the fluid stream
flowing over from the inflow chamber 12 to the outflow cham-
ber 16, whereby the vertical flow distribution in the heating
chamber 14 improves. In particular, a banking-up pressure in
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the lower region of the hollow chamber 3 is avoided or greatly
reduced. Furthermore, the arrangement of the condensate
discharge pipes 34 also allows the direction in which flow
impinges on the heating tubes 18 to be influenced. The tur-
bulences produced as a result have the effect of improving the
heat transfer of the fluid stream to the first series of tubes of
the bundle.

With the aid of the fine separators 28, the water fraction can
be reduced to <0.5% to 1%. However, the introduction of the
fine separators 28 into the dryer chamber 13 is accompanied
by a pressure loss and the inflow chamber 12 is made smaller
in comparison with a configuration without fine separators
28. In the exemplary embodiment, the fine separators 28 are
arranged in the dryer chamber 13 on an outer circle with a
diameter of about 4 m around the central axis M and provide
a flow-impinging area of about 70 m?.

In order to improve the impingement of the flow on the
heating elements or to reduce or completely eliminate the
tangential component of the velocity of the impinging flow,
baftle plates, perforated plates or guide vanes may be
arranged in the inflow chamber 12 or else in the chambers that
lie further inward. However, the inflow chamber 12 is reduced
in size by these deflecting devices. Baffle plates, perforated
plates and guide vanes may be respectively used in the
cyclone separator 1 on their own or in various combinations
with one another.

Tube bundles, as are used inter alia in heat exchangers, may
be used as heating elements. In order to provide a heating
surface that is as large as possible, finned tubes or slotted
finned tubes may be used here. Smooth tubes may also be
used—optionally in combination with said finned tubes. The
tubes are thereby flowed through for example by live steam at
about 70 bar and/or—in the case of multi-stage heating—bled
steam of the high-pressure turbine at about 30 bar. The heat-
ing tubes 18 preferably have on the outer side a round cross-
sectional profile, in order to oppose the fluid stream to be
heated with as little flow resistance as possible.

The cyclone separator 1 from FIG. 1 is shown in FIG. 3 in
a left-hand and right-hand longitudinal section, in a possible
embodiment in each case. In both embodiments, the housing
2 of the cyclone separator 1 is set up substantially vertically.
Thehousing 2 is configured substantially as a hollow cylinder
and rotationally symmetrically about the central axis M. Four
feed lines 6 are respectively provided, distributed uniformly
over the circumference of the housing 2 and preferably hav-
ing a diameter of 1400 mm. The steam leaving the high-
pressure turbine flows with a downwardly directed velocity
component—beyond the effect of gravitational force—with a
gradient of about 15° into the hollow chamber 3, whereby the
desired, substantially spiral or helical flow guidance is pro-
moted. It is directed through the feed lines 6 into the housing
2 and flows against the inner side 11 of the housing in a
tangential direction. The water fraction of the steam is
thereby separated on the inner side 11 of the housing. On
account of the flow conditions forming in the cyclone sepa-
rator 1, and optionally with the aid of baffle plates, guide
vanes or perforated plates, the predominantly gaseous frac-
tion of the steam flows into the dryer chamber 13, further into
the intermediate chamber 15, the heating chamber 14 and
subsequently into the outflow chamber 16.

Respectively provided at the upper and lower ends of the
housing 2 is a discharge line 24 of about 1800 mm in diameter,
which is respectively connected in terms of flow to the out-
flow chamber 16. After being heated, the steam can thus flow
out of the housing 2 in both upward and downward directions
and is subsequently directed through the discharge lines 24 to
the low-pressure turbine (not depicted). The cyclone separa-
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tor 1 is expediently arranged spatially with respect to the
low-pressure turbine in such a way that the discharge line 24
connected in terms of flow to the outflow chamber 16 can be
connected substantially directly to the inlet opening of the
low-pressure turbine. The discharge line 24 leaving at the
lower end of the outflow chamber 16 is diverted upward
toward the inlet opening of the low-pressure turbine.

The embodiment of the cyclone separator 1 that is shown in
the detail on the left of the image is designed for a two-stage
heating or superheating of the steam. In the heating chamber
14 configured as an annular space, heating tubes 18 are fitted
in the form of an annular bundle. The steam first flows (indi-
cated by the direction of flow 22) through the fine separators
28 and subsequently through the arrangement of condensate
discharge pipes 34, which oppose the steam to some extent
with a resistance and thus lead to a pressure loss. This makes
it possible to prevent the steam from being distributed non-
uniformly in the vertical direction, whereby under some cir-
cumstances the heating tubes 18 could not be used for heating
over their full length.

The steam then flows through a first stage 36 or first group
of heating tubes 18, lying concentrically around the central
axis M in the heating chamber 14. Subsequently, on its path to
the outflow chamber 16, it flows through a second stage 37 or
second group of heating tubes 18, which is arranged concen-
trically within the first stage 36. The outer, first stage 36 is
supplied with bled steam at about 30 bar from the high-
pressure turbine through a bled-steam feed line 40. The inner,
second stage 37 ofheating tubes 18 is supplied with live steam
from a steam generator 66 (not depicted) at about 70 bar
through a live-steam feed line 38. Between the inlet headers
for the groups of heating tubes 18 supplied with different
steam, separating plates 82 may be provided for separating
the respective steams. This similarly applies to the outlet
headers. Instead of arranging two tube bundles one inside the
other, an annular bundle with a separate tube sheet may also
be used.

The steam consequently heated in two stages flows into the
outflow chamber 16 and from there further through the dis-
charge lines 24 to the low-pressure turbine. The gaseous
fraction is thus successively heated on its way into the interior
of'the outflow chamber 16. This type of two-stage heating can
obviously be generalized to multi-stage heating with the aid
of additional steam feed lines and groups of tubes.

In the detail on the right of the image in FI1G. 3, an embodi-
ment with single-stage heating is shown. The heating tubes 18
are all supplied with live steam by way of the live-steam feed
line 38.

The fine separators 28 are connected to condensate-collect-
ing troughs 32, from which the condensate is directed by way
of condensate discharge pipes 34 through condensate dis-
charge lines 46 out of the housing 2.

The condensate flowing down on the inner side 11 of the
housing, here water, runs into the condensate discharge 43
and leaves the housing 2 through a condensate discharge line
46. In addition, a second condensate discharge 42 is provided
in the recessed bottom region of the housing 2 and can be used
for discharging the condensate collecting in the lower part-
cavity through a condensate discharge line 46.

The embodiments of the cyclone separator 1 that are rep-
resented in FIG. 3 may be combined with the configurations
with annular bundles or individual bundles 20 that are repre-
sented in FIG. 1.

The detail identified in FIG. 3 by a dashed circle 39 is
shown enlarged in FIG. 4. The dryer or fine separator 28 is
connected to a condensate-collecting trough 32, into which
the condensate forming in the dryer or fine separator 28 in the
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operating state of the cyclone separator 1 runs. It runs through
one or more feed lines 41 downward through condensate
discharge pipes 34 that are respectively connected to the feed
line 41. The condensate-collecting trough 32 may be differ-
ently configured according to requirements. Preferably, each
fine separator 28 is assigned a condensate-collecting trough
32. It is also possible to use a single annular condensate-
collecting trough 32, into which the condensate from all the
fine separators 28 can flow off.

Condensate-collecting troughs 32 are preferably provided
at various heights in the housing 2. In FIG. 3, the condensate-
collecting troughs 32 in the housing 2 are fitted in two differ-
ent planes. FIG. 5 shows a condensate-collecting trough 32 of
the upper plane in plan view of the cyclone separator 1 that is
represented in FIG. 3. In FIG. 5, two feed lines 41 connected
to said trough in terms of flow and condensate discharge pipes
34 connected to said feed lines are shown. Two further pairs of
feed lines 41 and condensate discharge pipes 34 can also be
seen, these pairs not being connected in terms of flow to the
condensate-collecting trough 32 that is depicted. Rather, they
are connected to the condensate-collecting trough lying fur-
ther below, concealed here by the upper condensate-collect-
ing trough 32. The condensate discharge pipes 34 belonging
to the two condensate-collecting troughs 32 lying one above
the other at different heights are provided alternately along
the circular circumference in which they are fitted. The cur-
vature of the circle cannot be seen in the entirely schematic
and not-to-scale FIG. 5.

This structural variant in which each condensate discharge
pipe 34 is connected to precisely one condensate-collecting
trough 32 has the advantage that a high throughput of con-
densate is ensured in the operating state. As an alternative to
this, however, a number of condensate-collecting troughs 32
may also be connected in terms of flow to the same conden-
sate discharge pipe 34.

An advantageous embodiment of a steam turbine system
62 is shown in FIG. 6. It comprises a steam generator 66, a
high-pressure turbine 70, and a low-pressure turbine 74. The
cyclone separator 1 is connected in terms of flow between the
high-pressure turbine 70 and the low-pressure turbine 74. The
live steam generated in the steam generator 66 is directed into
the high-pressure turbine 70 to perform work. While perform-
ing work, the steam in the high-pressure turbine 70 expands,
whereby it increases its water fraction. In order that the steam
in the low-pressure turbine 74 can be used as efficiently as
possible for energy generation, it must be prepared in a suit-
able way. For this purpose, its water fraction must be reduced,
before it is subsequently transformed into a superheated state.
For this reason, the steam leaving from the steam outlet of the
high-pressure turbine 70 is directed by way of a distributor
through feed lines 6 into the housing 2 of the cyclone sepa-
rator 1. There, the steam flows in tangentially to the inner side
11 of the housing and is thereby set in rotation. The gaseous
fraction of the steam flows into the interior of the housing,
where it is transferred into a superheated state by heating
elements, especially heating tubes. From there, the super-
heated steam is directed through discharge lines 24 into the
steam inlet of the low-pressure turbine 74. There, the steam
prepared in this way can be used further for energy genera-
tion. In this exemplary embodiment, the heating tubes (not
depicted here) of the cyclone separator 1 are supplied with
live steam from the steam generator 66 through the heating
feed line 78. Alternatively or in addition, bled steam could be
extracted from the high-pressure turbine 70 for this purpose.

It goes without saying that the cyclone separator 1 is not
restricted to use in steam turbine systems. It can be used
substantially wherever the heavier component or phase is to
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be separated from a multiphase fluid stream and the gaseous
fraction is to be heated or superheated. As explained above,
the heavy component of the fluid stream may in this case be
water. However, applications in which the heavy component
consists of solid particles are also conceivable. It could for
example be soot or dirt particles.

LIST OF DESIGNATIONS

1 cyclone separator

2 housing

3 hollow cavity

6 feed line

10 direction of inflow

11 inner side of the housing
12 inflow chamber

13 dryer chamber

14 heating chamber

15 intermediate chamber
16 outflow chamber

18 heating tube

20 individual bundle

22 direction of flow

24 discharge line

28 fine separator

32 condensate-collecting trough
34 condensate discharge pipe
36 first stage

37 second stage

38 live-steam feed line

39 dashed circle

40 bled-steam feed line

41 feed line

42,43 condensate discharge
46 condensate discharge line
62 steam turbine system

66 steam generator

70 high-pressure turbine

74 low-pressure turbine

78 heating feed line

82 separating plate

90 plate

94 gap

M central axis

E plane

The invention claimed is:
1. A cyclone separator for the phase separation of a mul-
tiphase fluid stream, comprising:

a housing configured substantially with rotational symme-
try about a central axis and enclosing a hollow chamber;

at least one feed line for the fluid stream, configured for
feeding in the fluid stream substantially tangentially to
an inner wall of said housing;

at least one discharge line for a gaseous fraction separated
out of the fluid stream;

said hollow chamber, as viewed in a radial direction from
said central axis, having an outflow chamber that is
substantially circular in cross section and, following said
outflow chamber in sequence, a heating chamber, an
intermediate chamber, a dryer chamber, and an inflow
chamber, each having a substantially annular cross sec-
tion;

said inflow chamber being delimited in an outward direc-
tion by said housing;

said heating chamber containing heating elements for heat-
ing the gaseous fraction;
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at least one fine separator and at least one assigned con-
densate-collecting trough being disposed in said dryer
chamber;

at least one condensate discharge pipe connected to said at

least one condensate-collecting trough, said at least one
condensate discharge pipe being arranged in said inter-
mediate chamber and discharging from said hollow
chamber condensate forming in said at least one fine
separator during operation thereof; and

wherein a first plane is provided with a first ring of said

condensate-collecting troughs and at least a second
plane is provided with a second ring of said condensate-
collecting troughs, wherein said first ring of said con-
densate-collecting troughs is assigned a first group of
said condensate discharge pipes and said second ring of
said condensate-collecting troughs is assigned a second
group of said condensate discharge pipes.

2. The cyclone separator according to claim 1, wherein said
at previously presented least one condensate-collecting
trough is one of a plurality of condensate-collecting troughs
disposed in said dryer chamber, said plurality of troughs
together forming at least approximately a ring of condensate-
collecting troughs, disposed in at least one plane lying per-
pendicular to said central axis, each of said condensate-col-
lecting troughs being connected to an associated condensate
discharge pipe respectively arranged in said intermediate
chamber.

3. The cyclone separator according to claim 1, wherein, in
a longitudinal portion of said intermediate chamber in which
both condensate discharge pipes of said first group and con-
densate discharge pipes of said second group run, said con-
densate discharge pipes are arranged alternately, as seen in
the circumferential direction of the cyclone separator.

4. The cyclone separator according to claim 1, wherein said
condensate discharge pipes are aligned parallel to said central
axis.

5. The cyclone separator according to claim 1, wherein said
condensate discharge pipes are formed with perforation
points and said perforation points of all of said condensate
discharge pipes through a cross-sectional plane lying perpen-
dicular to said central axis lie substantially on a circle.

6. The cyclone separator according to claim 1, comprising
precisely two discharge lines, wherein said two discharge
lines are connected in terms of flow to said outflow chamber
at mutually opposite ends of said housing, as seen in the
direction of said central axis.

7. The cyclone separator according to claim 1, wherein said
housing is substantially a hollow cylinder.

8. The cyclone separator according to claim 1, wherein said
central axis is substantially vertically aligned.

9. The cyclone separator according to claim 1, wherein said
at least one feed line is one of four feed lines distributed
uniformly and symmetrically about a circumference of said
housing.

10. A steam turbine system, comprising a high-pressure
turbine and a low-pressure turbine and a cyclone separator
according to claim 1, wherein said at least one feed line is
connected to a steam outlet of said high-pressure turbine, and
said at least one discharge line is connected to a steam inlet of
said low-pressure turbine.

11. The cyclone separator according to claim 1, wherein
the respective said condensate-collecting trough is connected
to a respective said condensate discharge pipe by way of a
feed line.

12. The cyclone separator according to claim 11, wherein
said feed line is configured such that a velocity vector of the
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fluid stream flowing into said hollow chamber has a compo-
nent in a direction of said central axis of said housing.

13. The cyclone separator according to claim 1, wherein
said heating elements are tubular elements configured to con-
duct therethrough a fluid heating medium. 5

14. The cyclone separator according to claim 13, wherein
the fluid heating medium is steam.
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